ABSTRACT: Assurance Company needs to know the mortality rate of a country to decide the value of the premium which has to be paid by the company. To do that, an assurance company requires a mathematical model which is able to represent problems in forecasting mortality rate. One of model which have been acknowledged by the actuary community in forecasting mortality rate is Lee-Carter model. This research forecasts the mortality rate in Indonesia by using Classical Lee-Carter Model as the basic model of Lee-Carter. Besides that, this research also used Generalized Lee-Carter model, which is an extension of the basic LeeCarter model. The parameters in both models will be estimated by using Least Square method and the Newton Raphson method. The result of parameter estimation will be substituted into the model to obtain the estimated mortality rate and the result will be compared. Then, the parameter which depends on the year will be used in mortality forecasting by using the neural network. The final result of this research is a table of mortality rate in Indonesia for the next 3-years period.
INTRODUCTION
The mortality table is a table which showing the rate of death based on age group yearly. One of the value of the mortality table is to show the probability of a person living in the starting point of the year and dying before the year ends, this probability is called as the mortality rate. An assurance company needs to know the mortality rate in a country to decide the number of premium which should be paid. In order to get the mortality rate in the future, the thing which should do is forecasting it by estimating cumulatively what will happen in the future based on relevant data from the past.
Forecasting mortality has been researched by other researchers before. Some researchers have Forecasted the mortality rates of Malaysian population using Lee-Carter method [1] , forecasting Hungarian mortality rates using the leecarter method [2] , and the mortality of the Italian population: smoothing techniques on the lee-carter model [3] .
This research will forecast the mortality rate in Indonesia by using Classical Lee-Carter Model and General Lee-Carter Model. The parameters in both models will be estimated by using Least Square method and the Newton Raphson method. The result of parameter estimation will be substituted into the model to obtain the estimated mortality rate, and the result is compared. Then, the parameter which depends on year will be used in mortality forecasting by using the neural network.
CLASSIC LEE-CARTER MODEL
On 1992 Lee and Carter introduced a new model to forecast mortality rate, the model can be seen on equation below: ln� , � = + • + , with constrain:
In this model , is the central death rate or mortality rate on age x on a specific year t, with x= 1,2, …, N, shows the age, and t=1,2, …, T shows the year, and is the parameter which depends on age and is the parameter which depends on the year and , is an independent error, with its mean 0 and variance 2 [4] . Eq. (1) states that the mortality rate on age x on year t. To forecast the rate of mortality on the next year needs estimation on all parameter in the model. Then will be the estimated parameter on Eq. (1) by using the Least Square method, so it will be gotten an equation which stating:
(2) will be the estimated value of parameter , , and by using Newton Raphson Method. The idea from Newton Raphson is by guessing the initial value of the roots of Eq. (2) then it will be updated the root values of the equation until a minimum value of error is found, here are the steps: a) Choose initial value: for each x and t, we choose = 1 , = 0 and
c) Calculate the error value, then repeat step b until minimum error is obtained.
The result of parameter estimation will be substituted into the model to obtain the estimated mortality rate. Then, the estimated mortality rate will be compared with actual data on the mortality rate. After comparing that data, the error value will be found. The parameter which depends on time will be used in mortality forecasting by using the neural network. After forecasting the mortality rate using a classical Lee-Carter model, then the mortality rate will be forecast using a general LeeCarter model.
GENERAL LEE-CARTER MODEL
Renshaw and Haberman issued this model in 2006. In the modeling will be added cohort effect as the additional parameter. The model of general LeeCarter model is:
Where , , and is the dependent parameter to the age, − shows the cohort effect and is the dependent parameter to the year. Eq. (6) include in a generalized nonlinear model family with the link function to log [5] [6] .
From the model then will be done some parameter assessment by using the same method from the previous, the least square so that the function becomes as follows:
In the same way from the previous we will find the estimation of each parameter by using Newton Raphson method, here is the algorithm: a. Choose initial value: for each x and t, we choose = = 
c. Calculate the error value, then repeat step b until minimum error is obtained.
NEURAL NETWORK METHOD
After we get the estimation value from the model, then we forecast the mortality rate in Indonesia by using a Neural Network. Based on the encyclopedia of machine learning and data mining, neural network is a learning algorithm by replicating how the human brain works. The learning system works based on the value of the nodes which is simulated as synapsis and neuron [7] . This paper will use feedforward neural network by using multi-layer net which contains a layer in the hidden layer. The algorithm which will be used is the backpropagation algorithm, and activation function which will be used is a sigmoid function. The Neural Network structure which will be used in this paper will be shown in figure 1.
Fig. 1 Structure Multilayer Feedforward Neural Network

MAIN RESULT
The data we used in this research is the mortality rate of Indonesia from 1950-2015 with five years data range, and the group age is 0, 1-5, 6-10, 11-15 and so on until 86-90. (1) by using Least Square method and Newton Raphson method. By using the same method will also be found parameter estimation , , , and − on Eq. (5). The result of parameter estimation and from the classical model will be shown in Table 2 , the result of parameter estimation , and from the general model will be shown in Table 3 and the result of parameter estimation and − from both model will be shown in Table 4 . After obtaining the value of each parameter estimation of the mortality rate from the actual data and estimated value will be compared. Figure 3 is shows that the estimated parameters obtained can adequately describe the actual data, with the error value will be shown in Table 5 . After obtaining the estimated value of each parameter then will be forecasting parameters that depend on the year by using a neural network method. Table 6 shows the forecasting value for the next 3-year period for Classical Lee-carter and General Lee-Carter models: After obtaining the parameters forecasting which depending on the year for the next few years, we will calculate the mortality rate in Indonesia by using the Classical Lee charter model which results will be shown in table 7 and by using the general lee charter model which results will be shown in Table  8 . 
CONCLUSIONS
The fitting model can be seen in Fig. 2 (Classical Lee Carter) and Fig. 3 (General Lee Carter) . From that picture, we can see that Fig. 3 's estimation value can give the value which is approaching the actual value compared to Fig.2. In table 4 we can see the MAPE from each model, from that table shows that the error value of Lee-Carter Model smaller than the error value of General Lee-Carter model for starting point age. However, when the age increased, the General Lee Carter model shows the smaller error value. It shows that on the starting point age, Classical Lee Carter model is better to forecast the mortality rate in Indonesia, While the General Lee Carter model can give better forecasting than Classical Lee Carter model to forecast the mortality rate in the middle and older age.
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